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ABSTRACT 



A method of disinfecting or sterilizing tissues of the oral 
cavity or a woimd or lesion in the oral cavity is provided. 
The method comprises applying a photosensitizing com- 
pound to said tissues, wound or lesion and irradiating said 
tissues, wound or lesion with laser light at a wavelength 
absorbed by said photosensitizing compound. 

18 Claims, No Drawings 
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LASER TREATMENT 

The present invention relates to the use of photosensi- 
tising compounds and laser irradiation to kill the microbes 
involved in a number of oral diseases including inflamma- ^ 
tory periodontal disease and caries or in wound infections 
and in disinfecting or sterilising wounds and other lesions in 
the oral cavity. 

InQammaiory periodontal diseases are the most prevalent 
diseases of humans and the advanced form, chronic peri- 
odontitis, is the major cause of tooth loss in adults. Current lO 
methods of treating chronic periodontitis involve removal of 
subgingival plaque in order to eliminate the causative organ- 
isms; this is often supplemented by antimicrobial chemo- 
therapy. Mechanical removal of plaque is never fully suc- 
cessful and there are many disadvantages in the long-term 
use of antimicrobial agents such as chlorhexidine and tet- 
racycline, notably the development of resistance rendering 
the agents clinically ineffective and difBculties arising from 
disturbance of the oral microflora. 

There is also a need to destroy microorganisms in drilled- 
out carious cavities prior to conventional filling and during 20 
other forms of dental surgery. 

Another situation requiring destruction of microbes in 
the oral cavity is in the case of oral candidiasis of AIDS 
patients, immunocompromised individuals and patients v^th 
denture stomatitis where conventional treatment by chemo- 
therapy is only pooriy effective. 

The present inventors have developed a method for 
destroying disease-related microbes in the oral cavity. 

Accordingly, the present invention provides a method for 
disinfecting or sterilising tissues in the oral cavity or a 
wound or lesion in the oral cavity, which method comprises 30 
applying a photosensitising compound to the tissues, wound 
or lesion and irradiating the tissues wound or lesion with 
laser light at a wavelength absorbed by the photosensitising 
compound. 

The invention also provides the use of a photosensitising 35 
compound in the manufacture of a medicament for use in 
disinfecting or sterilising tissues of the oral cavity or a 
wound or lesion in the oral cavity by 

(a) contacting the tissues, wound or lesion with the 
photosensitising compound such that any disease-re- 40 
lated microbes in the tissues, wound or lesion take up 
the photosensitising compound and 

(b) irradiating the tissues, wound or lesion with laser light 
at a wavelength absorbed by the photosensitising com- 
pound. 45 

** The wound or lesion treated may be any surgical or 
irauma-induced wound, a lesion caused by a disease-related 
microbe, or a wound or lesion infected with such a microbe. 
The treatment may be applied to disinfect or sterilise a 
wound or lesion as a routine precaution against infection or 
as a specific treatment of an already diagnosed infection of 
a wound or lesion. 

In one aspect the present invention provides a method for 
destroying disease-related microbes in the oral cavity which 
method comprises applying a photosensitising compound to 
the microbes and irradiating the microbes with laser light at 55 
a wavelength absorbed by the photosensitising compound. 

The invention further provides the use of a photosensi- 
tising compound in the manufacture of a medicament for use 
in destroying disease-related microbes in the oral cavity by 

(a) contacting the microbes with the photosensitising 60 
compound such that the microbes take up the photo- 
sensitising compound and 

(b) irradiating the microbes with laser light at a wave- 
length absorbed by the photosensitising compound. 

In preferred aspects of the invention the treatment with 65 
photosensitising compound and laser irradiation are applied 
to 
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(i) destruction of disease-related microbes in a periodontal 
pocket in order to treat chronic periodontitis; 

(ii) destruction of disease-related microbes in the region 
between the tooth and gingiva (gingival crevice or 
gingival margin) in order to treat or prevent inflamma- 
tory periodontal diseases including chronic periodon- 
titis, gingivitis and the like; 

(iii) disinfection or sterilisation of drilled-out carious 
lesions prior to filling; 

(iv) destruction of cariogenic microbes on a tooth surface 
in order to treat or prevent dental caries. 

(v) disinfection or sterilisation of dental and/or gingival, 
tissues in other dental surgical procedures and 

(vi) treatment of oral candidiasis, in AIDS patients immu- 
nocompromised patients or those with denture stoma- 
titis. 

Photosensitising compounds for use in accordance with 
the present invention are generally non-toxic to the target 
microbes at concentrations envisaged in accordance with the 
invention and to the tissues surrounding the wound or lesion. 
However there is no particular requirement that the photo- 
sensitisers should be non-toxic to the microbes. Moreover, 
since exposure of the surrounding tissues of the oral cavity 
to the photosensitiser will generally be of short duration and 
highly localised, it may be acceptable to use compounds 
which have some slight toxicity to these tissues. 

It is preferred that the photosensitisers used in the method 
of the invention will be capable of absorbing laser light at 
the red end of the visible spectrum or at longer wavelengths 
since such laser light will be better able to penetrate tissues 
sunounding a wound or lesion, such as oral tissues, and, in 
particular, blood which may be present in the sites to be 
treated. It is generally preferred that the photosensitiser 
selected for use has a positive charge under physiological 
conditions since such photosensitisers are more readily 
taken up by the target microbes, however the phthalocya- 
nincs, which in accordance with the invention are effective 
against bacteria, are negatively charged. Particular photo- 
sensitisers which may be used in accordance with the 
invention include dyes and other photosensitising com- 
pounds such as: 

arianor steel blue 

toluidine blue 0 

tiyptan blue 

crystal violet 

methylene blue 

azure blue cert 

azure B chloride 

azure 2 

azure A chloride 

azure B tetrafluoroborate 

thionin 

azure A eosinate 

azure B eosinate 

azure mix sice. 

azure II eosinate 

haematoporphyrin HCl 

haematoporphyrin ester 

aluminium disulphonated phthalocyanine 

chlorins. 

Some of these photosensitisers are not well taken up by 
Gram negative organisms in particular the haematoporphy- 
rins, and it is prefened to use those which are effective 
against Gram negative organisms, i.e. the dyes. Of these it 
is cuirently preferred to use aluminium disulphated phtha- 
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locyamine, toluidinc blue O, azure B chloride or methylene 
blue. 

Preferably the use of tryptan blue or crystal violet is 
avoided. In a particular aspect of the invention, the photo- 
sensiiiser used is other than tryptan blue and crystal violet, 5 
when a He Ne laser is used. 

In a particular aspca of the invention the photosensitiser 
is targeted to the microbes and/or uptake of the photosen- 
sitiser by the microbes is enhanced by using a photosensi- 
tiser coupled to a targeting moiety. Tlie targeting moiety may 
be any specific binding partner for a specific binding agent 10 
on the microbe, for instance an antibody against a surface 
antigen expressed by the microbe. Alternatively the target- 
ing moiety may be a substance known to be actively taken 
up by the microbe. Coupling of the targeting moiety to the 
photosensitiser molecules may be achieved by use of con- j- 
ventional techniques, (see especially Friedberg, J. S. el al., 
RNAS, U,SA., 618: 383-393 (1991)). 

The laser light may be provided by any suitable source, 
such as a helium neon (HeNe) gas laser or a gallium arsenide 
(GaAs) laser, if necessary or convenient using fibre optics or 
other known optical devices to deliver the light to the site to 20 
be treated. HeNe gas laser light (at 632.8 nm) is particularly 
suitable as it has good penetration of oral tissues and blood 
and is absorbed well by the photosensitiscrs which are 
especially suitable for use in the present invention. However 
other photosensiliser/laser combinations may be contem- 
plated and those skilled in the art will readily be able to adapt ^ 
other known laser sources and photosensitiscrs for use in 
destroying disease-related microbes, particularly those 
known to infect wounds or to be present in the oral cavity. 

Lasers which emit in the far red (700 to 800nm) may also 
be used, especially the semiconductor lasers. When such 30 
lasers are used, the photosensitiscrs selected will have an 
absorbtion peak al 700 nm or longer wavelength and may 
therefore be "colourless" but certain dyes, such as methylene 
blue may also be used with these lasers. Particularly pre- 
ferred photosensitiser/laser combinations are: 35 

(a) toluidine blue O with a helium/neon laser (wavelength 
632.8 nm) 

(b) aluminium disulphonated phthalocyamine with a gal- 
lium aluminium arsenide laser (wavelength 660 nm). 
Combination (a) is especially applicable to the treat- 40 
ment of HTV-associated oral candidosis and periodontal 
diseases. Combination (b) is especially applicable to 
the treatment or prevention of caries. These form 
especially preferred aspects of the the present inven- 
tion. 

The amount of photosensitiser and laser dose required to 
destroy the microbes will vary with the microbe and the site 
to be treated. However it has been found that exposure of 
representative microbes conmionly found in the oral cavity 
and implicated in inflammatoiy periodontal disease, caries 
and other dental diseases as set out below generally affords 
satisfactory dcstmaion of the microbes: 

1. Laser power: He Nc laser. 1 to 100 mw. preferably about 
25 mW Ga As laser, 1 to 100 mW. preferably about 15 
mW, 

Note: The laser source will be selected having regard to 
the choice of beam diameter, exposure time and sen- 
sitivity of the microbes to the laser/photosensiliser 
combination. Very powerful sources may be used for 
short durations or to irradiate a large area but it is 
generally preferred to use less powerful sources such 60 
that special precautions, other than eye protection 
which is always necessary, may be avoided. 

2. Laser beam size: Beam diameters of from 1 to 10 mm are 
convenient for working in the oral cavity. 

Duration of laser irradiation: 1 second to 5 minutes, pref- 65 
erably 5 seconds to 2 minutes and most preferably about 
30 seconds. 
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Note: These figures apply to a single area, corresponding 
to the laser beam size, irradiated continuously or, if 
intermittently irradiated to the total duration of irra- 
diation of that area. When the area to be ueated exceeds 
the beam size necessitating moving the beam, the total 
duration of the treatment will be correspondingly 
increased. 

4. Light dose: 5 to 30 J.cm"^, preferably 10 to 20 J.cm"^ and 

most preferably about 15 J.cm"^. 
Sensitiser concentrations: 0.00001 to 1% w/v in aqueous 
solution, preferably 0.0001 to 0.1% wA/ and more pref- 
erably 0.001 to 0.01% w/v, for instance 0.005% w/v 
It should be noted that the photosensitiser concentration is 
that at the site of treatment and, for instance in the treatment 
of periodontal pockets and wounds where the treatment site 
may be flooded with body fluid such as saliva or blood, it 
might be necessary to apply the photosensitiser in greater 
concentration so as to achieve an efifective concentration 
after dilution by the body fluid. 

The photosensitiser solution is left in contact with the 
microbes for a period of time to enable the microbes lo take 
up some of the photosensitiser and become sensitive to the 
laser light A suitable duration will generally be from 1 
second to 10 minutes for instance 10 seconds to 2 minutes, 
preferably about 30 seconds although this may vary depend- 
ing upon the particular photosensitiser in use and the target 
microbes to be destroyed. 

Preferably the photosensitiser will be used in the form of 
a pharmaceutical composition comprising the photosensi- 
tiser in solution in a pharmaceuticily acceptable aqueous 
carrier such as water, for instance distilled water or dem- 
ineralised water, preferably pyrogen-frec, sterile water or 
water for injection. The composition may additionally com- 
prise buffers, salts for adjusting the tonicity of the solution, 
antioxidants, preservatives, gelling agents (such as guar and 
derivatives thereof and the like. Preferably the composition 
will be in the form of a physiologically buffered, isotonic 
aqueous solution comprising the photosensitiser at from 
0.00001 to 10% w/v, preferably up to 1% w/v, for instance 
from 0,0001 to 0.1% w/v. In a particular aspect of the 
invention the composition is intaided for treatment of 
enamel and/or dentine and/or gingival tissues and is formu- 
lated with remineralisation agents as well as photosensitis- 
ing compound and accessory ingredients. Such composi- 
tions may be used in treatment of periodontal pockets, 
carious lesions and the like in order to improve the strength 
of the dental enamel and/or dentine simultaneously with 
destruction of disease-related microbes by laser irradiation. 
Remineralisation agents are well known in themselves and 
are used in conventional manner, for instance as described in 
Pearse, E. L. R and Nelson, D. G. A., Caries Research, 22, 
362-370 (1988). 

It should be noted that the use of free radical and singlet 
oxygen scavenging materials should be avoided as these 
tend to interfere with the photosensitisation of microorgan- 
isms. 

In accordance with the present invention, a photosensi-J 
tiser solution at appropriate dilution will be applied topically / 
to a site to be treated, such as a debrided wound or lesion,/ 
for instance a drilled-oul carious lesion or periodontal/ 
pocket or a mucosal surface infected with Candida albicansl 
the photosensitiser solution will be left in contact with thi 
microbes lo be destroyed for a time sufBcient for thi 
microbes to take up an effective amount of the photosensil 
tiser and the site will then be exposed to suitable laseA 
irradiation at suflBcient power and for sufiBcieni duration to\ 
destroy at least a proportion and preferably all disease- \ 
related microbes at the site. Further treatment of the site, for ' 
instance filling the carious lesion or suturing the wound mayt 
then be undertaken. 



03/03/2004, EAST Version: 1.4.1 



5,611,793 



The invention will now be illustrated by the following 
Examples which arc not intended lo limit the scope of 
invention in any way. The Examples show the use of 
photosensitisers and lasers to destroy a variety of organisms 
which are involved in oral diseases and are representative of 
the genera of microbes which infect wounds 

EXAMPLE 1 



Materials and Methods 
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Laser 



The laser used was a Helium/Neon (HeNe) gas laser 
(NEC Corporation, Japan) with a power output of 7.3 mW. 
This emitted radiation in a collimated beam, diameter L3 
mm, with a wavelength of 632.8 nm. 

Target Organisms 

The organisms used in the study were: Streptococcus 
sanguis NCTC 10904, Porphyromonas gingivalis W50t 
Fusobacterium nucleatum NCTC 10562 snd ActinobaciUus 
actinomycetemcomitans Y4. All were maintained by weekly 
transfer on Wilkins Chalgren (WC) blood agar (Oxoid Ltd., 
Basingstoke, UK) except for S. sanguis which was sub- 
cultured every 48 h on brain heart infusion (BHI) agar 
(Oxoid Ltd). 

Photosensitisers 

Test compounds were obtained from Sigma Ltd., Poole, 
UK, except as follows: Ariabel dark blue, FDC blue #2, 
ariavit patent blue, ariavit indigo carmine, arianor steel blue, 
ariavit brilliant blue FCF and usacert FD and C blue #1 and 
#2 (all from Williams Ltd., Hounslow, UK); azure mixture 
sice, and azure B (Fluka, Buchs, Switzerland); brilliant 
cresyl blue and tiypan blue (BDH, Poole, UK); aluminium 
disulphonated phthalocyanine (a gift from Prof. D. Phillips, 
Chemistry Dept., Imperial College, London); haematopor- 
phyrin ester (Paisley Biochemicals Ltd., Glasgow). 

Effect of Laser Light on Bacterial Viability 

Several colonies of the test organism were suspended in 
sterile saline and vortexed to provide a homogeneous sus- 
pension. Portions of this suspension (2.0 ml) were mixed 
with portions of a solution (2.0 ml) of the test compound at 
various concentrations in saline (or saline alone in the case 
of controls) and a sample (1.0 ml) spread over the surfaces 
of agar plates. Excess fluid was removed (after 10 min.) and 
the plates dried at 37° C. The plates were then exposed to the 
laser for various periods of time, following which they were 
incubated in anaerobic jars until growth was visible on the 
control plates. The plates were examined for zones of 
inhibition and were then re-incubated for an additional 7 
days to determine whether any growth occurred within the 
inhibition zones. 

In the case of S. sanguis and A. actinomycetemcomitans^ 
the medium used was BHI while for P. gingivalis and F. 
nucleatum this was supplemented with 0.0001% (w/v) 
menadione and 0.001% (w/v) hacmin. Control plates in 
which the bacteria were not exposed to the test compound 
served to determine whether laser light alone had any effect 
on the viability of the target organisms. Any adverse effect 
on the Viability of the bacteria by the test compound itself 
was ascertained by examination of un-irradiated portions of 
those plates receiving bacteria previously exposed to the 
compound. 

Screening of Compounds for Photosensitising Activity 
27 compounds were tested for their ability to inhibit 
growth o^S. sanguis following exposure to HeNe laser light. 
Each compound was tested at concentrations of 0.1% and 
0.01% (wv) and exposure to the laser light was for 5, 10, 30 
and 60s. 
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Effect of Varying the Concentration of Photosensiiiser 

Compounds shown to act as photosensitisers in the 
screening programme were selected for further investiga- 
tion. Using the method described above, the effect of varying 
the concentration of the compound, and the light exposure 
time, on the growth of S. sanguis were determined. A range 
of concentrations from 0.00015% (w/v) to 0.01% (w/v) was 
used, each at an exposure time of 2, 10 and 30 s. 

Photosensidsation of Other Oral Bacteria 

Some of the most promising compoimds were then tested 
for their ability to sensitise P gingivalis,. A. actinomycet- 
emcomitans and F nucleatum to killing by HeNe light. 

Results 

The results of the initial screening programme of the 27 
test compounds using S, sanguis as the target organism are 
shown in Table 1. 

From this is can be seen that the following compounds 
were effective photosensitisers: arianor steel blue, toluidine 
blue O, crystal violet, methylene blue, thionin, several azure 
photosensitisers, haematoporphyrin and haematoporphyrin 
ester. Kill times ranged from 5 to 60 s which represented 
energy doses of 2.75 to 33 J/cm^ 

Zones of killing were not seen on control plates in which 
S. sanguis was irradiated without prior exposure of any of 
the test compounds. Except in the case of phthalocyanine, 
the test compounds themselves had no apparent effect on the 
growth of S. sanguis at the concentrations tested. 
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TABLE 1 




exposure 


pbotoscnsitiscr 






lime 


concentration 




test compound 


(s) 


(%, w/v) 


result 


brilliant blue FC^ 


60 


0.1 




ariavit pmeni blue V 


60 


0.1 




usaceit FD and C blue #1 


60 


0.1 




usacert FD and C blue #2 


60 


0.1 




arianor steel blue 


60 


0.1 


+ 


ariabel turquoise 


60 


0.1 




ariavit indigo caiminc 


60 


0.1 




patent blue VRS 


60 


0.1 




toluidine blue 0 


5 


0.01 


+ 


crystal violet 


10 


0.01 


+ 


methylene blue 


10 


0.01 


+ 


azure blue ceit 


5 


0.01 


+ 


azure B chloride 


5 


0.01 


+ 


azure 2 


5 


0.01 


+ 


azure A chloride 


5 


0.01 


+ 


aznre B tetrafluorob orate 


5 


0.01 


+ 


thionin 


5 


0.01 


+ 


azure A eosinaie 


5 


0.01 


+ 


azure B eosinaie 


5 


0.01 


+ 


azure mix sice. 


5 


0.01 


+ 


azure 11 eosinate 


5 


0.01 


+ 


uypanblue 


60 


0.1 




bromocresol blue 


60 


0.01 




gallocyanin 


60 


0.01 




haematoporphyrin HQ 


10 


0.01 


+ 


haematoporphyrin ester 


5 


0.01 


+ 


aluminium disulphonated 


DT 







phthalocyanine 



•t- n bactericidal efTea 

- = no detect£i}le bactericidal eStect 

DT = direct toxicity shown to S. sanguis 

The effect of light firom a Heliimi/Neon laser on the survival of S. sanctuis 
following exposure to a mnge of test compounds is shown. In the case of o 
positive result 0.e. killing) the lowest concentradon of pbotosensitiser tested 
is given in combinadon with the shortest exposure time used. For negative 
results (i.c. no killing) the highest pbotosensitiser concentration and longest 
exposure times are giverL 

Hie effect on 5. sanguis of varying the concentrations of 
the most promising compounds selected from the prelimi- 
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nary screening programme was then investigated. Table 2 
shows that, of the pholoscnsitisers tested, loluidine blue 0 
azure A chloride and ihionin were the most efiFective at 
inducing killing of S. sanguis. In the case of loluidine blue 
0, for example, zones of killing were apparent in some 
experiments following iiradialion for 2 s using a concentra- 
tion of 0.0003% (w/v). 

From T^le 3 ii can be seen that, of the photosensitisers 
tested, loluidine blue, methylene blue and azure B chloride 
were the only ones effective against all of the target organ- 
isms. In general, F. nucleatum and A. aciinomycelemcomi' 
tans appeared to be more resistant to killing than S. sanguis 
and P. gingivalis, under the conditions of photoscnsiliser 
concentration and exposure time employed. 



TABLE 2 




conccntradon 




exposure time 


Photosensitiscr 


(% w/v) 


2s 


10 s 


30 s 


toluidinc blue 0 


0.01 


+ 


+ 


+ 




0.005 


+ 




+ 




0.0025 


V 


+ 


+ 




0.00125 


V 


+ 






0.00063 


V 


V 






0.00031 


V 


V 


V 




0.00016 








azure A chloride 


0.01 


V 


+ 


+ 




0.005 


V 


+ 






0.0025 


V 


+ 


+• 




0.00125 


V 


V 






0.00063 






+ 




0.00031 








crystal violet 


0.01 


+ 


+ 


+ 




0.005 


V 


V 


+ 




0.0025 


V 


V 


+ 




0.00125 






+ 




0.00063 






V 




0.00031 








thionin 


0.01 


+ 


+ 


+ 




0.005 


+ 


+ 


t 




0.0025 


+ 


+ 


+ 




0.00125 


+ 




+ 
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TABLE 2-continued 




concentration 




exposure lime 


Photosensitiscr 


(% w/v) 


2s 


10 s 


30 s 




0.00063 


V 


•*■ 






O.00G31 


_ 








0.00016 


- 


V 


+ 




0.00008 


- 




+ 


azure B chloride 


0.01 


- 


+ 


+ 




0.005 


- 




+ 




0.0025 


_ 




V 




0.00125 


- 






azure B fiuoroboratc 


0.01 


- 


V 


+ 




0.005 


_ 








0.0025 


_ 




V 




0,00125 


_ 






methylene blue 


0,01 










0,005 


- 


+ 


+ 




0.0025 


- 




+ 




0.00125 


_ 






hacmatoporphyrin 


O.OI 


+ 


+ 


+ 


ester 


0.005 


+ 


+ 


+ 




0.0025 




+ 


+ 




0.00125 








alununium 


0.01 


NT 






disalphonalcd 


0.005 


NT 






phthalocyanine 


0.0025 




+ 


+ 




0.00125 




+ 


+ 




0,00063 




+ 


+ 




0.00031 






+ 




0.00016 






+ 


haematoporpbyrin HQ 


0.01 






+ 




0.005 






+ 




0.0025 









+ = bactericidal effect 

- = no detectable bactericidal cifect 

V K variable results 

NT = not tested because of direct toxicity of photosensitiser to S. sanguis at 
these concentrations 

The cS^cct of irradiation time on the survival of ^. sanguis following treatment 
with various concentradons of photosensitising agents is shown. 



TABLE 3 



photoscnsiliser 


exposure lime (s) 


S. sanguis 


A. acttnomycetemcoTmUms 


E nucleatum 


P. gingivalis 


loluidine 


10 


+ 


V 


+ 


+ 


blue 0 (0.005%) 


30 


+ 


+ 


+ 


+ 


hacmatopoiphyrin 


10 


+ 






+ 


HCl (0.5 mM) 


30 


+ , 






+ 


crystal 


10 


+ 






V 


violet (0.005%) 


30 


+ 






V 


thionin (0.005%) 


10 


+ 










30 










azure B chloride 


10 


+ 


V 


+ 


+ 


(0.005%) 


30 


+ 


V 


+ 


+ 


methylene blue 


10 




+ 




+ 


(0.005%) 


. 30 


+ 


+ 


+ 


+ 


alununium 


10 


+ 








disulphonaled 












phthalocyanine 












(0.0025%) 


30 


+ 








hacmatoporphyrin 


10 


+ 






+ 


ester (0.005%) 


30 


+ 


+ 




+ 



+ - bactericidal effect 

- = no detectable bactericidal effect 

V = variable results 

The susceptibility of various oral bacteria to light a HeNe laser foQowing exposure to a range of photosensitisers is 
shown. 
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The results of this investigation Rave demonstrated thai a 
number of compounds can sensitise several species of oral 
bacteria, both Gram-positive and Gram-negative, to killing 
by light from a HeNc laser. Irradiation of the bacteria in the 
absence of the photosensitisers had no detectable effect on 
the viability of these organisms and, at the concentrations 
tested, the photosensitisers themselves did not exert a bac- 
tericidal effect. Of the compounds exhibiting photosensitis- 
ing activity, those with absorption maxima closest to the 
wavelength of the radiation emitted by the laser (632.8 nm) 
were among the most efiFecdve. These included toluidine 
blue (632.2 nm) and azure A chloride (632.4 nm). 

The present investigation shows that haematoporphyrin 
HCl and haematoporphyrin ester were capable of sensitising 
both Gram-positive and Gram-negative bacteria to killing by 
HcNe light. Since these compounds absorb poorly at 632.8 
nm, this finding was surprising. 

One of the newer generation of tumour photosensitisers, 20 
aJuniinium disulphonated phthalocyanine, was also found to 
be an effective photosensitiser of Gram-positive and Gram- 
negative bacteria in the present investigation. In general, 
however, the photosensitisers developed for use in the 
phoiDchemotherapy (PCT) of tumours were less effective at 25 
sensitising bacteria to killing by HeNe light than photosen- 
sitisers such as toluidine blue, thionin and some azure 
photosensitisers. 

Of the 16 compounds found to be photosensitisers of S. 
sanguis, toluidine blue, methylene blue and azure B chloride 
also proved to be efifective sensitisers of P. gingivalis, E 
nucleatum and A. actinomycetemcomitans. At a concentra- 
tion of 0.005% (w/v) these compounds-enabled killing of 
the organisms following exposure to HeNe light for only 30 
s. Since these organisms are involved in a number of oral 35 
infections, including gingivitis and periodontitis, these 
results imply that the invention is effective in treating such 
infections. Furthermore, the topical nature of such diseases 
renders them particularly amenable to this form of treatment 
since tiie lesions are readily accessible to the photosensitiser ^ 
and to the light. 

EXAMPLE 2 

A gallium arsenide laser with a wavelength of 660 nm 45 
(power^lS mw) was used in conjunction with aluminium 
disulphonated phthalocyanine and tested against Streptococ- 
cus mutans, S, sobrims, Lactobacillus easel L fermentum 
and Actinomyces viscosus, all of which are involved in 
dental caries. 50 

The experimental methodology was similar to that used in 
Example I except that tryptone soya broth was used instead 
of saline. Results are shown in Table 4. 



TABLE 4 



Organism 



exposure 
time 
(s) 



photosensitiser 
concentration 



result 



S. muums 

S. sobrinus 
L casei 
L fermemum 



15 
30 
60 
60 
30 
120 
15 
30 
30 



aoi 

0.01 

0.01 

0.001 

0.01 

0.001 

0.01 

0.001 

0.01 
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TABLE 4-continued 



Orgonisni 


exposuie 
time 
(s) 


photosensitiser 
concciitiBtioQ 
(% w/v) 


result 




120 


0.001 


+ 


A. viscosus 


15 


0.01 






30 


0.001 


+ 



30 



55 



60 



65 



The energy densities required to kill these organisms are 
therefore up to 2.8 j/cm^ (for a photosensitiser concentration 
of 0.001% and an exposure time of 120 s) 

EXAMPLE 3 

Lethal Photosensitisation of Salmonella enteritidis 

An overnight culture of Salmonella enteritidis was pre- 
pared and diluted 1/10 and 1/100 in saline. An equal volume 
of 0.01% (w/v) toluidine blue O was added to each and 1.0 
ml of each suspension was spread over the surface of 
nutrient agar plates. Excess fluid was removed and the plates 
dried at 37** C. The plates were then exposed to light from 
a HeNe laser for 30 s and 60 s. They were then incubated 
overnight and inspected for zones of inhibition. 

Zones of inhibition were apparent after 60 s irradiation 
using the 1/10 dilution of the suspension. 

EXAMPLE 4 

Lethal Photosensitisation of Candida albicans 

An overnight culture of Candida albicans in Sabouraud 
broth was prepared and equal volumes of various concen- 
trations of toluidine blue O in saline were added to aliquots 
of the suspension. 1 .0 ml of these suspensions were added to 
Sabouraud dextrose agar plates, excess fluid removed, the 
plates dried and then exposed to light from a 7.3 mW HeNe 
laser for various periods of time. Following incubation, 
zones of inhibition were apparent as shown in Table 5. 

TABLES 

exposure time (s) 

dye concen. (%) 15 30 45 60 120 180 240 300 

0.1 + + + ++ + + + 

O.Ol ---+ + + + + 

0.001 _____ 

0.0001 _______ 

0,00001 _____ 

+ = zone of inhibition seen 
- = no zone of inhibition seen 



EXAMPLES 

Lethal Photosensitisation of Candida albicans 
Methods 

A gallium aluminium arsenside (GaAs) diode laser 
(Omega Universal Technologies, London) with a power 
output of 1 1 mW (beam diaraeter=9 mm, wavelengtii=660 
nm) was used in conjunction with the photosensitisers 
aluminium disulphonated phthalocyanine (ADP) and meth- 
ylene blue (MB, CI. 52015). A helium/neon (HeNe) gas 
laser (NEC Corporation, Japan) with a power output of 7.3 
mW (beam diameter^l.S mm, wavelenglh=632.8 nm) was 
used in conjunction with crystal violet (CV, CX 42555), 
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The effects on the viability of C. albicans of exposure to 
TBO, laser light and a combination of both are shown in 
Table 6. Exposure to HeNe light for 120 s had no statistically 
significant effect on the viability of the yeast (Student* s 30 
t-tesi, p>0.05). However, TBO at concentrations of 0. 1 and 
0.5 mg/ml, in the absence of HeNe laser light, reduced the 
viable count of suspensions of the organism by 20.1% and 
23.9% respectively. There was a statistically significant 
reduction in the viable count when yeast suspensions were 35 
irradiated with HeNe light for 120 s in the presence of TBO 
(energy does=0.88 J at a density of 66.3 J/cm^). The number 
of organisms killed increased with increasing dye concen- 
tration, amounting to 64.1% and 69.6% at concentrations of 
0.1 and 0.5 mg/ml respectively. 40 

In the absence of HeNe laser light, thionin had no 
statistically significant effect on yeast viability at concen- 
trations of 0.1 and 0.5 mg/ml (T^le 6). However, irradiation 
of the yeast with HeNe light for 120 s in the presence of 
thionin resulted in statistically significant reductions in ^5 
viability. 

Neither light from the Here laser nor CV at concentrations 
of 0.1 and 0.5 mg/ml had a statistically significant effect on 
the viability of the yeasL However, statistically significant 
reductions is viability were achieved when the yeast was 
irradiated with HeNe light in the presence of the dye. 

DHE at a concentration as high as 2.5 mg/ml was unable 
to sensitise C. albicans to killing by HeNe laser light even 
when the exposure time was as long as 360 s. 

When used alone, neither the HeNe light nor 0.1 mg/ml 
TBO had a significant effect on the viability of a more- 
concentrated yeast suspension (Tkble 6). However, exposure 
of the organism to HeNe laser light in the presence of 0.1 
mg/ml TBO resulted in a significant reduction (p<0.0001) in go 
viable count. At a concentration of 0.1 mg/ml, thionin was 
toxic to the yeast in the absence of laser light. When the 
more-concentrated yeast suspension was exposed to the 
HeNe light for 120 s in the presence of the dye, a much 
greater reduction in viable count was obtained. 55 

0.1 mg/mJ CV was toxic to the yeast in the absence of 
laser light, but a greater reduction in the viable count was 
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toluidine blue O (TBO, C.I. 52040, dihacmatoporphyrin 
ester (DHE) and thionin (C.I. 52000). 50 \j\ aliquots of an 
overnight culture of C albicans diluted 1:100 with sterile 
brain heart infusion (BHI) broth were transferred to wells of 
a micro-titrc plate and an equal volume of a solution of the 5 
photoscnsitiscr in BHI was added to each well to give a final 
concentration of either 0.1. 0.5 or 1.0 mg/ml. After 5 min 
incubation at room temperature, duplicate wells (gently 
stirred) were exposed to light from the laser for 120 s. 
Control wells containing the yeast suspension plus BHI in 10 
place of the dye solution were treated in an identical manner. 
A further 4 wells, identical to those described above, were 
prepared and these were not exposed to laser light. After 
irradiation of appropriate wells the number of survivors was 
determined by viable counting. 15 

On the basis of these experiments, the most promising 
photosensitisers were selected and their effectiveness in 
inducing killing of a more dense suspension of yeast cells 
was determined. The experimental protocol was as oudined 
above except that the overnight yeast culture was diluted 20 
1:10 rather than 1:100 and each dye was used at a concen- 
tration of 0.1 mg/ml. 



achieved when the dye-trcatcd suspension was irradiated 
with HeNe laser light for 120 s (Table 6). 

Exposure to light from a QzAs laser for 120 s (energy 
dose=1.32 J at a density of 2.04 J/Cm^) had no statistically 
significant effect on yeast viability in the absence of ADR 
ADP was toxic to the yeast at a concentration of 1 .0 mg/ml, 
causing a significant reduction (p=0.002) in the viable count 
of 43.5%. However, 0.1 mg/ml ADP had no significant effect 
on yeast viability. When the yeast suspensions were irradi- 
ated with light firom the GaAs laser in the presence of l.O 
mg/ml ADP the resulting viable counts were significantly 
lower than those of the unirradiated, dye-free control. How- 
ever, there was no significant difference between the counts 
of the inadiated and unirradiated dye-treated suspensions. 

In the absence of GaAs laser light, MB was toxic to C 
albicans. At concentrations of 0.1 and 1.0 mg/ml the viable 
counts of yeast suspensions were reduced by 16.9% and 
35.2% respectively. When the yeast was exposed to light 
from the GaAs laser for 120 s in the presence of the due the 
viable counts were significantly lower than those resulting 
from treatment with the dye in the absence of laser light. The 
reductions amounted to 42.1% and 59.4% when the dye was 
used at concentrations of 0.1 and 1.0 mg/ml respectively. 
Light from the GaAs laser had no significant effect on the 
viability of the yeast when used in the absence of the dye. 

These results demonstrate the C albicans can be killed by 
short term exposure to light from the low-power lasers once 
the organism has been treated with an appropriate photo- 
sensiiiser. In the case of the HeNe laser, TBO was the most 
effective sensitiser while MB was the most effective when 
the GaAs laser was used. 

TABLE 6 



Photosciuiuscr 
concentration 



% reduction in viable count 



Photosensitiser 



(mg/ml) D-L+ D + L- D + Lf 



(a) using a 1/100 dilution of an Qvcmight culture of C. albicans 



TBO 


0.1 


NS 


20.1 


64.1 




0.5 


NS 


23.9 


69.6 


Thionin 


0.1 


NS 


NS 


29.5 




0.5 


NS 


NS 


39.9 


CV 


0.1 


NS 


NS 


79.5 




0.5 


NS 


NS 


90.6 


(b) using £ 


L lAO dilution of an 


overnight 


culture of C albicans 


TBO 


0.1 


NS 


NS 


77.4 


Thionin 


0.1 


NS 


12.8 


69.4 


CV 


0.1 


NS 


3.1 


21.8 



50 



D - Lf = exposed to laser in the absence of dye; 

D + L- = exposed to dye but not laser; 

D + L+ = cjqxjsed to laser in the present of dye; 

NS = not significantly diff'crcnt from control cultures exposed to neither laser 
nor dye. 

Effect of light from a HeNe laser on the viability of suspensions of C albicans 
is shown. 



EXAMPLE 6 

Model of in vitro Use 

Lethal Photosensitisation of Subgingival Plaque 
Samples 

Using an experimental protocol similar to that of Example 
5, subgingival plaque samples from 20 patients with chronic 
periodontitis were exposed to light from a 7.3 mW HeNe 
laser for 30 s in the presence and absence of 50 pg/ml 
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toluidine blue O as a photosensitiser. Viable counts of 
various groups and species of bacteria were carried out 
before and after irradiation using a variety of selective and 
non-selective media. The median numbers of viable bacteria 
initially present in the 30 pi aliquots irradiated were 1.1 3x 5 
10^ cfu (aerobes), 4.08x10^ cfti (anaerobes), 4.92x10^ cfu 
(black-pigmented anaerobes), 4.75x10^ cfu (Porphyromo- 
nas gingivalis), 6.15x10^ cfti (Fusobacterium nucLatum) 
and 1.7x1 CP cfu (streptococci). The dye/laser combination 
achieved significant reductions in the viability of these lo 
organisms, the median percentage reductions in the viable 
counts being 91.1% for aerobes, 96.6% for anaerobes, 100% 
for black-pigmented anaerobes, R gingivalis and F. nudea- 
tum and 94,2% for streptococci. Overall, the viability of 
bacteria in the twenty plaque samples was not significantly is 
decreased by the dye alone. This demonstrates that lethal 
photosensitisation of periodontopathogenic bacteria can be 
achieved when these organisms are present as constituents 
of the highly-mixed subgingival plaque microflora charac- 
teristic of patients with chronic periodontitis. 20 

EXAMPLE 7 
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Model of in vivo Use 

Lethal Photosensitisation of Cariogenic Bacteria 
when Shielded by Dentine or when Embedded in a 
Collagen Matrix 

The purpose of this investigation was to determine if 30 
killing was possible (i) following passage of the laser light 
through dentine slices and (ii) when the bacteria were 
embedded in a collagen matrix. 



Methods 



35 



(i) Dentine slices (200 pm thick) from a human molar 
were demineralised with 0.1 M EDTA for 8, 16, 24 and 32 
h. Equal volumes of an overnight culture of Streptococcus 
mutans and 0.05% TBO were placed in a well of a microtitre 40 
plate. The suspension was exposed lo light from a 7.3 mW 
HeNc laser for 240 s, with interposition of one of the dentine 
slices. Bacteria were enumerated before and after exposure. 
The experiment was repeated using ADP as a photosensitiser 

in conjunction with an 1 1 mW GaAs laser. 45 

(ii) A suspension of 5. mutans in a collagen gel was dried 
overnight to form a bacteria-containing plug. TBO (or ADP) 
was added and the plug exposed to the HeNe (or GaAs) laser 
for 60 s. The plug was digested with collagenase and 
surviving bacteria enumerated. 50 

Results 

(i) When dentine slices were interposed between the 
HeNe laser and the bacterial suspensions, substantial kills 55 
were achieved. These ranged from 1.8x10* to 3.66x10^ cfu. 
There was no relationship between the extent of killing and 
the lime for which the dentine slices were demineralised. In 
the case of the ADP/OaAs combination, a similar pattern of 
results was obtained. The numbers killed ranged from 1.2x 50 
10^ to 1.34x10'' cfu. Again, there was no relationship 
between the extent of killing and the demineraiisation time. 

(ii) . Following irradiation of the bacteria-containing col- 
lagen plugs, the numbers of bacteria killed were 8.94x10^ 
and 2.08x10* cfu respectively for the TBO/HeNe and ADP/ 65 
GaAs systems. Controls showed no statistically significant 
kill when either the dye or the laser were used alone. 



The results of this investigation have shown that photo- 
sensitised-5. mutans can be killed by low-power laser light 
even when the light has passed throug 200 thick sections 
of human dentine and when the bacteria are embedded in a 
collagen matrix. This shows that lethal photosensitisation of 
this cariogenic organism can be achieved under conditions 
which resemble more closely the situation found in a caries 
lesion in vivo. 

EXAMPLES 

Model of in vivo Use 

Lethal Photosensitisation of Candida albicans in 
the Presence of Serum 

In an oral lesion caused by C albicans, the cells will 
invariably be in a serum-rich environment. As serum may 
interfere with lethal photosensitisation (eg by complexing 
with the photosensitiser) it is important to deterine whether 
killing can be achieved in its presence. The following 
experiment, therefore, was undertaken. 

2x5 ml aliquots of an overnight culture of C albicans 
were centrifuged, aliquots were resuspended , one in 50 ml 
of sterile BHI broth and the other in 50 ml of horse serum. 
The effect of HeNe laser light (120 s exposure) on the 
viability of the organism in the presence of 0.1 mg/ml of 
TBO was then determined as described in earlier Examples 
above. 

In the absence of serum, the percentage kill in a suspen- 
sion containing 3.74x10^ cfu was 60% whle in the presence 
of serum the percentage kill was 66%. These results dem- 
onstrate that horse serum does not interfere with HeNe laser 
light-induced killing of TBO-sensitised C. albicans. 

EXAMPLE 9 

Use of a Gel Delivery System 

0. 5 g of guar hydroxypropyl derivative (BDH Ltd) was 
dissolved in 100 ml of water to form a gel and toluidine blue 
0 added to 50 ml of the gel to give a final concentration of 
100 lig/ml. Aliquots of the dye-containing and dye-free gel 
were added lo suspensions of Streptococcus mutans aiKl 
exposed to light from a HeNe laser for 240 s. Unirradialed 
bacteria-containing gels were used as consols. The numbers 
of surviving organisms in each gel were determined by 
viable counting. 

There was a considerable reduction (3.35x10^ cfii) in the 
viable count of the oiganism in the gel containing toluidine 
blue demonstrating that lethal photosensitisation of S, 
mutans can be achieved when the photosensitiser is present 
in a gel carrier. 

We claim: 

1. A method of disinfecting or sterilising a locus wherein 
said locus is selected from the group consisting of tissues of 
the oral cavity and wounds and lesions in the oral cavity, said 
method comprising topically applying a photosensitising 
compound to said locus and irradiating said locus with laser 
light at a wave length absorbed by said photosensitising 
compound, so as to destroy microbes at said locus. 

2. A method according lo claim 1 wherein the method is 
selected from the group consisting of: 

(a) destroying disease-related microbes in a periodontal 
pocket in order to treat chronic periodontitis; 
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(b) destroying disease-related microbes in the region 
between the tooth and gingiva in order to treat inflam- 
matory periodontal diseases; 

(c) destroying disease-related microbes in the region 
between the tooth and gingiva in order to prevent 
infianunatory periodontal diseases; 

(d) disinfecting drillcd-out carious lesions prior to filling; 
(c) sterilising drilled-out carious lesions prior to filling; 

(f) destroying cariogenic microbes on a tooth surface in 
order to treat dental caries; 

(g) destroying cariogenic microbes on a tooth surface in 
order to prevent dental carries; 

(h) disinfecting dental tissues in dental surgical proce- 
dures; 

(i) disinfecting gingival tissues in dental surgical proce- 
dures; 

(j) sterilising dental tissues in dental surgical procedures; 
(k) sterilising gingival tissues in dental surgical proce- 
dures; 

(1) treating oral candidiasis in AIDS patients; 
(m) treating oral candidiasis in immunocompromised 
patients; and 

(n) treating oral candidiasis in patients with denture 
stomatitis. 

3. A method according to claim 2 wherein said photosen- 
sitiser is selected from the group consisting of arianor steel 
blue, toluidine blue O, crystal violet, methylene blue, azure 
blue cert, azure B chloride, azure 2, azure A chloride, azure 
B tetrafluoroborate, thionin, azure A eosinate, azure B eosi- 
nate, azure mix sice, azure II eosinate, haematoporphyrin 
HCl, haematoporphyrin ester, aluminium disulphonated 
phthalocyanine and chlorins. 

4. A method according to claim 3 wherein said laser light 
is from a laser selected from the group consisting of helium 
neon gas lasers and gallium arsenide lasers. 

5. A method according to claim 4 wherein said laser has 
a power of from 1 to 100 mW and a beam diameter of from 
1 to 10 mm. 

6. A method according to claim 4 wherein said laser 
irradiation is conducted for a duration of from one second to 
five minutes and a light dose of from 5 to 30 J-cm"^ is 
administered. 

7. A method according to claim 5 wherein said laser 
irradiation is conducted for a duration of from one second to 
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15 



20 



25 



30 



35 



40 



45 



five minutes and a light dose of from 5 to 30 J cm"^ is 
administered. 

8. A method according to claim 3 wherein said photosen- 
sitiser is present at said locus at a concentration of 0.00001 
to 1% w/v, 

9. A method according to claim 3 wherein said photosen- 
sitiser is used in the form of a pharmaceutical composition 
comprising said photosensitiser in solution in a pharmaceu- 
tically acceptable aqueous carrier. 

10. A method according to claim 9 wherein said pharma- 
ceutical composition further comprises a least one accessory 
ingredient selected from the group consisting of buffers, 
salts for adjusting the tonicity of said solution, antioxidants, 
preservatives, gelling agents and remineralisation agents. 

U, A method according to claim 10 wherein said laser 
light is from a laser selected from the group consisting of 
helium neon gas lasers and gallium arsenide lasers. 

12. A method according to claim 11 wherein said laser has 
a power of from 1 to lOO mW and a beam diameter of from 
1 to 10 mm. 

13. A method according to claim 11 wherein said laser 
irradiation is conducted for a duration of from one second to 
five minutes and a light dose of from 5 to 30 J-cm"^ is 
administered. 

14. A method according to claim 12 wherein said laser 
irradiation is conducted for a duration of from one second to 
five minutes and a light dose of from 5 to 30 J-cm~^ is 
administered. 

15. A method according to claim 2 wherein said laser light 
is from a laser selected from the group consisting of helium 
neon gas lasers and gallium arsenide lasers. 

16. A method according to claim 15 wherein said laser has 
a power of firom 1 to 100 mW and a beam diameter of from 
1 to 10 mm. 

17. A method according to claim 15 wherein said laser 
irradiation is conducted for a duration of from one second to 
five minutes and a light dose of from 5 to 30 J-cm~^ is 
administered. 

18. A method according to claim 16 wherein said laser 
irradiation is conducted for a duration of from one second to 
five minutes and a light dose of from 5 to 30 J-cm"^ is 
administered. 
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[57] ABSTRACT 

A laser system and method are described thai will effectively 
interrupt the progression of periodontal disease in felines, 
particularly in situations where the disease has progressed to 
advanced stages of periodontitis and feline lymphocytic- 
plasmacytic gingivitis stomatitis. A laser system is employed 
to achieve precision in surgical procedures where the work- 
ing field is limited due to the anatomical structure of a 
fehne's mouth. The laser system is also capable of effec- 
tively sealing tubules and of eradicating bacteria in the 
periodontium to significantly reduce the risk of infection. 
Additionally, the laser therapy can be preceded by pretreat- 
ment methods to effectively interrupt the progression of 
periodontal diseases. 

20 Claims, 3 Drawing Sheets 
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DEVICE AND METHOD TO TREAT ORAL often diflScult because the crowns are weakened and there- 

DISEASE IN FELINES ^otc tend to fracture easily. Additionally, the roots are 

usually ankylosed and hard to separate from the surrounding 

BACKGROUND OF THE INVENTION bone. The long-term therapeutic response for treating exter- 

5 nal root resorption has typically been poor. 

1. Field of the Invention ^ ^ ^ . / j / • .-u- r ^ 
_ ... J . J L J The cats are also placed on systemic antibiotics and 
Hie present invention relates to a device and method to ^^^^ corticosteroids to reduce the risk of infection and 

treat periodontal disease in felmes particularly in situations ^ ^^^^^ inflammation. However, antibiotic treatments arc 

where the disease has progressed to advanced stages of ^^^^^ ^^^^^^^^ ^ ^^y^^^ lymphocytic- 

periodontitis and felme lymphocyUc-plasmacytic gingivitis jq pUsmacytic gingivitis/stomatitis because a primary bacterial 

(commonly referred to as felme lymphocy tic-plasm acyUc ^^^^^^ ^gem has not yet been identified and long-term 

stomatitis}. corticosteroid use can lead to serious secondary systemic 

2, Information Disclosure Statement sjde effects such as kidney failure. 

Oral diseases arc especially prevalent in cats. Periodontal jhus there is a need for a device and method that will 
disease can range from a localized inflammation of the 15 jjjjprQve treatment for cats with periodontal disease, particu- 

gingiva (gingivitis) to inflamation and destruction of the i^^iy the advanced stages of periodontitis and feline 

gingiva, alveolar bone, the periodontal ligament, and tooth lymphocy tic-plasmacytic stomatitis without the complica- 

structure (periodontitis). Etiology of the disease can involve tiQ^s associated with the prior art. 
plaque, calculus, and systemic inflammatory response. 

Generally, the protocol for treating periodontal disease OBJECTS AND SUMMARY OF THE 

focuses on cleaning the oral cavity, repairing the tissue, and INA/ENTION 
stopping the progression of the disease. However, the avail- jt an object of the present invention to provide a laser 

able treatment methods, which include scalping, polishing, system and treatment method that will eliminate the com- 

curettage, dental extractions, root planing, gingivectomies plications associated with the prior art. 
and in extreme cases gingival flaps or grafts, are inadequate ^^^^^^^ ^^^^ ^^^^^^^ ^^^.^^^ 

when ireatirig advanced periodontitis and felme symptoms associated with periodontal disease in 

lymphocy tic-plasmacy tic gmgivitis/stomatitis. ^^^^ ^ 

Root planing is often necessary to remove nepotic tissue j^'^ ^^^^^^^ ^-^ ^^^^^^ invention to employ a laser 

from the roots of penodontally involved teeth. A curette or 3^ ^ ^^^^^^ enhanced precision in surgical proce- 

Orban file is appucd to the root surface and withdrawn m dures 

overlapping strokes using sufiBcient pressure to scrape ^ .* ^ . . . . . . ^ . . 

• , J J u • tu^ . * .rr,r.r.tu ^ IS a furthcr aim of the present mvention to seal the 

necrotic cementum and debns from the root and smooth its ,1- j-.- j a,.,-.- 

- „ J * *u * • 1 i tubules m surrounding tissue and eradicate bactena to sig- 

surface. However, due to the anatomical structure 01 a cat s , ■ 1 r ■ c ^- 

• j o; u . *u« A^u^^ nificantly reduce the risk of infection. 

mouth, it IS very difBcult to remove the necrotic debns ^ . . , 

without affecting the surrounding soft tissue. Briefly slated, the present mvenUon descnbes a laser 

... , .ft ^ ^ ♦ .1 :„„i system and method that will effectively interrupt the pro- 

A gingivectomy IS often performed to eliminate gingival ^ . . . » 1 1 * *♦ 

1 - ir -* . r 4 1 ♦ 1 ^ 1 eression of penodontal disease m cats, particularly in situ- 

sulcus, in an effort to facilitate plaque control and oral ^. ^ , . !i. _i. j. 

• J ^u^t A^^tUr, ations where the disease has progressed to advanced stages 

hygiene. A gingivectomy IS required where pocket depths ^ j r i- 1 if 1 * 

exceed 4 mm, fhe epithelial attachment is still above bone « Penodontitis and felme lymphocyuc-plasmacytic stoma- 
level, and resection can be contained within the attached A laser system ^ employed to achieve prec^.on in 

. . r™ , , r -^u 1- 1 1 * • A * ^ ..A surgicalprocedureswherethe working field IS limited due to 

gmgiva. The level of epithelial attachment is determmed .^.-i.^ c ^ t 

^ . J . 1 u ^ V ^,1,^^ tu« the anatomical structure of a cat s mouth. The laser system 

using a penodontal probe and is marked on the buccal . , ui r re i i- . u i ^ c a- 

\, ^. • ■ • 1 *• • *u ,1 IS also capable of effectively sealing tubules and of eradi- 

surface of the gingiva. The gingival tissue is then excised , . ^ . . • i . ■ c .1 a 

• J * 1 1 'c ■* 1 • 11., catmg bacteria m the penodontium to significantly reduce 
using a penodontal kmfe. Digital pressure is usually suffi- , ?. c • c ^- a jj v n »u 1 *u u 

• T. a- ,u * • u« „4 the risk of mfeaion. Additionally, the laser therapy can be 

cient to effect hemostasis. However, the gingiva IS especially ... . . . *u j . « 1 • * 

narrow in cats therefore, it is very diffic^t fo limit resection P^^^^^^ by pre-treatment methods to effectively interrupt 
to the attached gingiva. AdditionaUy, the anatomical stnic- progression of periodontal diseases. 

ture of a feline's mouth limits the available working area and The above, and other objects, features, and advantages of 
restricts maneuverability of instalments within the mouth 50 t^e present invention will become apparent firom the fol- 

thereby reducing the precision by which the procedure can l^wmg detailed description read m conjunction with the 

be performed. accompanying drawings. 

Cats exhibit particular manifestations of periodontal dis- BRIEF DESCRIPTION OF THE EMBODIMENTS 

ease that are unique to the feline species. For example, a 

chronic problem in cats that is commonly associated with 55 ^ ^'^^^ depicting H^O absorption spectra in wave- 
both chronic gingivitis/periodontitis and feline lymphocytic- length of interest 

plasmacytic sUamatitis is external root resorption. Inflam- FIG. 2 Cross-section of mandibular molar afflicted with 

matory resorption occurs at the cementoenamel junction. external root resorption. 

The presence of exuberant gingival tissue often conceals FIG. 3 Schematic view of laser system used to treat feline 
extensive cavitations in the tooth that undermine the crown go lymphocytic -plasmacytic gingivitis/stomatitis, 
eventually causing it to fi-acture and crumble thereby expos- 
ing the dentin. Exposed dentin is sensitive and extremely DISCLOSURE OF PREFERRED 
painful. EMBODIMENTS 

Typically, a fluoride gel is administered to treat this The present invention describes a new device and method 
condition to desensitize the dentin. However, restoration has 65 to treat periodontal disease, particularly in situations where 

not been very successful and in many circumstances all of the disease has progressed to periodontitis and feline 

the teeth must be extracted. Extraction of involved teeth is lymphocytic-plasmacytic stomatitis. 
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Aprefeired embodiment of the present invention employs the gram-negative bacteria, thereby producing antigen- 

a 980 nm diode laser to achieve high precision, low pen- antibody complexes that activate the complement system of 

etration cutting. The graph in FIG. 1 illustrates a peak in the the cat The result of complement activation is the pnxluction 

absorption of light in water in the vicinity of 980 nm. As a of biologically active substances such as anaphylatoxins, 
result, 980 nm radiation is preferred over 1064 nm radiation 5 which mediate various aspects of the inflammatory 

for medical procedures involving soft tissue because greater response. By eradicating the gram-negative bactena, the 

absorption is achieved when 980 nm Ught is employed on antigen-antibody complex that is responsible for initiating 

the tissue or mflammatory response is destroyed thereby effectively 

, , „ 1 , interrupting the chronic progression of the disease. 

RGS. 2 and 3 lUustratc an example and preferred embodi- Particular pretreatment methods can be especiaUy advan- 
ment m which the present invention was used to treat felme lO ^^^^ ^ ^^^^^-^^ periodontitis when used in conjunction 

lymphocytic-plasmacytic gingivitis/stomatitis. Feline jjj^ present laser system. The laser treatment may be 

lymphocytic-plasmacytic gingivitis (also known as felme preceded by mechanically cleansing the surface of the teeth 

plasma cell gingivitis-pharyngitis and chronic feline and by disinfecting the oral cavity with an antiplaque 

gingivitis-stomatitis) is an oral disease of unknown etiology substance to remove the gram-negative bacteria on the 

that is frequently encountered in cats. Cats with feline 15 ^^^^^^^ ^^^jj, Antimicrobial agents such as 

lymphocytic-plasmacytic gingivitis stomatitis have prolif- chloramphenicol, clindamycin, tetracycline or metronida- 

erative and ulcerated gingiva that extends into the soft palate ^ole may also be of some benefit prior to the dental proce- 

and orophamyx. The gingiva may recede, there may be bone jure when the feline's immune system is suppressed due to 

loss, the roots may become exposed, and abscesses may ^ systemic illness. The photoscnsitizer may then be appHed 

form. Cats with feline lymphocytic-plasmacytic gingivitis/ ^ the periodontium and a multi-wavelength laser system can 

stomatitis suffer from intense oral pain that is typically employed to activate the photosensitizer and to resect 

attributable to external root resorption. necrotic tissue at the roots of the periodontially involved 

FIG. 2 is a cross-sectional view of a mandibular molar teeth to eliminate the chronic symptoms associated with the 

that is afflicted with external root resorption. The presence of condition. Additionally, the tubules may be sealed to further 

exuberant gingival tissue 202 conceals extensive cavitations reduce the risk of infection. 

206 in tooth 200 that undermines crown 210 eventually Having described the preferred embodiments of the 
causing it to fracture and crumble. In typical current invention with reference to the accompanying drawings, it is 
treatments, tooth 200 would be extracted. Generally, the to be understood that the invention is not limited to these 
response to extractions is favorable. However, extractions precise embodiments, and that various changes and modi- 
are not always successful for treating external root resorp- fications may be effected therein by one skilled m the art 
tion when the cat has feline lymphocytic-plasmacytic sto- without departing from the scope or spirit of the invention as 
matitis. Approximately 20% of the cats with feline defined in the appended claims, 
lymphocytic-plasmacytic stomatitis experience a relapse What is claimed is: 

following the extraction and the long-term response is 1. A laser system for treating periodontal disease in felines 

typically poor. comprising: 

flG. 3 shows a preferred embodiment of the present a diode laser having an operating wavelength which is 
invention in which a 980 nm diode laser 310 was used to absorbed by feline oral tissue to achieve high precision, 
treat a cat with feline lymphocytic-plasmacytic gingivitis low penetrating cutting; wherein said operating wave- 
stomatitis who had relapsed following extraction. Laser 310 ^ length can resect affected tissue and seal tubules; 
was set to deliver an optical power of 2 W to resect gingiva means to transport laser radiation of said wavelength from 
302 to the cementoenamel junction 308 and effectively said laser to said feline oral tissue; and 
eliminate the affected tissue. A 600 /on flat tip optical fiber ^jg^ns of reducing risk of infection in said feline oral 
302 delivered radiation to the affected tissue in a continuous tissue 

mode. A small spot size was used to concentrate high 2. A laser system according to claim 1 wherein said laser 

amounts of energy into the tissue to achieve rapid vapor- ^ operating at a wavelength absorbed by water moieties, at 

^^^ion. approximately 980 nm. 

After the resection, the laser was then set to 1 W (pulsed 3. a laser system according to claim 1 wherein said laser 

1 sec on/1 sec oflf) to seal the tubules thereby preventing the has a multi-wavelength source that can resect affected tissue 
osmotic action of the tubules from replanting bacteria, jq and seal tubules with one wavelength and can activate a 

present at the time of the procedure, into the newly grown photosensitizer with another wavelength, 

tissue. 4. A laser system according to claim 1 wherein said means 

In another example and preferred embodiment of the to transport radiation is at least one optical fiber, 

present invention, a diode laser system with raulti- 5. A laser system according to claim 1 wherein said laser 
wavelength sources may be employed in conjxmction with a 55 radiation is delivered in a continuous mode to said oral 

photosensitizer to stop the progression of periodontitis. tissue. 

Generally, 980 nm light may be employed to resect the 6. A laser system according to claim 1 wherein said laser 

affected tissue and a wavelength that is suitable to activate radiation is delivered in a pulsed mode to said oral tissue. 

the ,pho to sens itizer may be u sed to eradicate the gram - 7. A laser system according to claim 1 wherein said means 

negative bacteria in the periodontium . of reducing risk of infection is a sealing of mbules to prevent 

The photosensitizer liquid or paste, when activated by an microbial invasion, during and after treatment, 

appropriate laser wavelength, produces hyperactive singlet 8. A U-eatment method for treating periodontal disease in 

oxygen that are capable of destroying bacteria. The oxygen felines comprising the steps of: 

singlets will destroy the gram-negative bacteria that are positioning a laser having an operating wavelength which 

reacting with the inflammatory cells in the periodontium to 65 is absorbed by feline periodontal tissue, wherein said 

mediate the inflammatory response. Specifically, the plasma operating wavelength can resect affected tissue and seal 

cells elaborate antibodies against endotoxins, produced by tubules; 
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connecting to said laser, means to transport laser radiation 15. A treatment method according to claim 14 further 

to said feline i>eriodontal tissue; and comprising pre-treatment steps of: 

irradiating said periodontal (oral) tissue with radiation mechanically cleansing teeth to remove plaque containing 

from said laser to resect affected tissue and to seal gram negative bacteria; and 

tubules to reduce risk of infection. 5 ^^^^^£^^.11™ an oral cavity with an antiplaque substance. 

9. A treatment method according to clamD 8 wherein said ^ treatment method according to claim 15 further 

affected tissue is gingiva and il is resected to the cementoe- ^„„„,,v;„„ ^ et^« «f. 

^ ^ comprismg a step or: 

name! junction. , ... . „ ^ 

10. A treatment method according to claim 8 wherein a admmistenng antibiotics to systemically ill fehnes prior 
second wavelength is added, one that will activate a 10 laser therapy. 

photosensitizcr, which can produce hyperactive singlet oxy- 17. A treatment method according to claim 9 further 

gen to further reduce risk of infection. comprising pre-treatment steps of: 

U. A treatment method according to claim 10 further mechanically cleansing teeth to remove plaque containing 

comprising steps of: gram negative bacteria; and 

applying a photosensitizer to said feline periodontal tissue disinfecting an oral cavity with an antiplaque substance, 

prior to irradiation by said laser; and 18. A treatment method according to claim 17 further 

activating said photosensitizer with said laser's second comprising a step of: 

wavelength. administering antibiotics to systemically ill felines prior 

12. A treatment method according to claim 8 further to laser therapy. 

comprising pre-treatment steps of: 19. A treatment method according to claim 11 further 

mechanically cleansing teeth to remove plaque containing comprising pre-treatment steps of: 

gram negative bacteria; and mechanically cleansing teeth to remove plaque containing 

disinfecting an oral cavity with an antiplaque substance. gram negative bacteria; and 

13. A treatment method according to claim 12 further 25 disinfecting an oral cavity with an antiplaque substance, 
comprising a step of: 20, A treatment method according to claim 19 further 

administering antibiotics to systemically ill felines prior comprising a step of: 

to laser therapy. administering antibiotics to systemically ill felines prior 

14. A treatment method according to claim 11 wherein to laser therapy, 
said affected tissue is gingiva and it is resected to the 

cemcntoenamel junction, * ♦ ♦ * * 
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